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Abstract

Objective: Pulmonary embolism (PE) is a common complication of SARS-CoV-2 infection. Several diagnostic
prediction rules based on pretest probability and D-dimer have been valide.~d in non-COVID patients, but it
remains unclear if they can be safely applied in COVID-19 patients. We aimc d to compare the diagnostic
accuracy of the standard approach based on Wells and Geneva scor~.s ~oinbined with a standard D-dimer
cut-off of 500 ng/ml with three alternative strategies (age-adjusted. YL "E.S and PEGeD algorithms) in COVID-
19 patients.

Methods: This retrospective study included all L™\ ID-19 patients admitted to the
Emergency Department (ED) who underwent corr,.*ed tomography pulmonary angiography
(CTPA) due to PE suspicion. The diagnostic pre dic-io’, rules for PE were compared between
patients with and without PE.

Results: We included 300 patients ~1d PE was confirmed in 15%. No differences were
found regarding comorbidities, tradition.>! risk factors for PE and signs and symptoms between
patients with and without PE. Wells 7inr. ~2neva scores showed no predictive value for PE
occurrence, whether a standard c. . 1 aye-adjusted cut-off was considered. YEARS and
PEGeD algorithms were assoc ate.' with increased specificity (19% CTPA reduction) but raising
non-diagnosed PE. Despite e.~va.2d in all patients, those with PE had higher D-dimer levels.
However, incrementing thres,>~'ds to select patients for CTPA was also associated with a
substantial decrease in . ens iivity.

Conclusion: No. e of the diagnostic prediction rules are reliable predictors of PE in
COVID-19. Our data favour the use of a D-dimer threshold of 500 ng/ml, considering that higher
thresholds increase specificity but limits this strategy as a screening test.

Keywords: Pulmonary embolism; D-dimer; Coronavirus; SARS-CoV-2 infection; computed tomography
pulmonary angiography.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) emerged at the end of 2019 and spread rapidly, becoming a major public health problem
worldwide®.

SARS-CoV-2 infection has been recognized as a hyperinflammatory and prothrombotic state, with
pulmonary embolism (PE) being one of the most common complications of COVID-197"°,

The diagnostic strategy for PE in the emergency department (ED) is well established, and several
clinical prediction rules based on pretest clinical probability and D-dimer measurements have been validated.

Although Wells and Geneva scores combined with D-dimer measurement are the most widely used



diagnostic criteria for ruling out PE, an age-adjusted approach as well as new algorithms, such as YEARS
and PEGeD, have been proposed to safely limit the use of computed tomography pulmonary angiography
(CTPA)7_9. However, all these prediction rules were validated in non-COVID patients, and it remains unclear
if they can be safely applied in COVID-19 patients. The diagnostic accuracy of these diagnostic strategies
may be impaired on the latter population due to the higher prevalence of PE, increased baseline D-dimers
levels and signs and symptoms overlap between both conditions.

This study aimed to compare the diagnostic accuracy of the above-mentioned diagnostic prediction
rules for PE in COVID-19 patients admitted to the ED. The primary outcome was to compare the diagnostic
accuracy of the Wells and Geneva scores combined with a standard D-dimer cut-off of 500 ng/mL with three
different approaches: age-adjusted D-dimer cut-off, YEARS and PEGeD algorithms. The second outcome
was to determine the diagnostic yield of CTPA for PE and to evaluate the diagnostic performance of different
D-dimer thresholds to predict PE.

METHODS

This was a single-centre retrospective study performed at a t~.. .~ry nospital (Centro Hospitalar
Universitario Lisboa Norte, Lisbon, Portugal) from 1% April 2020 t ; 52> January 2021. We selected
consecutive adult outpatients with confirmed SARS-CoV-2 infr.con admitted to the ED who underwent
CTPA due to PE suspicion. Only patients with confirmed SAR> —uV-2 infection in the previous ten days
before the ED admission were included. The diagnosis ¢ ZARS-CoV-2 infection was based on a positive
result of real-time reverse transcriptase-polymerase c'ian rcaction assay of nasopharyngeal and pharyngeal
swabs or, in patients with prior diagnosis, by con-.ui.1g . e national registration platform of COVID-19
patients. Patients were excluded if they did not ha “ 2 a D-dimer assay or if CTPA was inconclusive.

Demographic, clinical and laboratory ac.*a were collected by an investigator blinded for CTPA reports.

Due to the retrospective analysis of ata the need for informed consent was waived by our institution.

Neither patients nor the public were invew>d i the design, conduct or reporting of our research.

CT PROTOCOL

Computed tomography (CT) . ~.s obtained with a 16-slice multi-detector CT (Siemens®) after
intravenous injection of 60 ‘2 ¢ m!. of iodinated contrast agent. The CTPA scans were interpreted by the
attending radiologist and review 2d at the time of inclusion in the study by a second radiologist, who was
blinded for the clinical information.

Pulmonary embolism diagnosis was based on filling defects of the pulmonary artery on at least two
consecutive axial sections. In addition, PE was classified according to the location of the thrombus and the

presence of right heart strain (defined as right /left ventricle ratio > 1 or interventricular septal bowing).

SCORES AND ALGORITHMS ASSESSMENT
The items comprising the diagnostic prediction rules were calculated post hoc by the authors based on
the clinical data records at the time of CTPA request. If there was no documentation for a component of any

score it was considered absent.

The Wells score ranges from 0 to 12.5 points, based on the following criteria: signs and symptoms of
deep vein thrombosis (3 points), PE as the first diagnosis or equally likely (3 points), previous objectively
diagnosed PE or deep venous thrombosis (1.5 points), heart rate > 100 beats per minute (1.5 points),

immobilization for at least three days or surgery in the previous four weeks (1.5 points), malignancy with



treatment within six months or palliative (1 point) and haemoptysis (1 point)’. PE was considered equally
likely based on the attendant physician's impression recorded in the medical chart. Patients were
categorized as having low (< 4.0 points), moderate (4.5 — 6.0 points) or high (> 6.5 points) pretest probability
of PE.

The revised Geneva score (GENEVA) considers the following: previous objectively diagnosed PE or
deep vein thrombosis (3 points), unilateral lower limb pain (3 points), heart rate > 95 or between 75-94 beats
per minute (5 and 3 points, respectively), active malignant condition (2 points), haemoptysis (2 points), age >
65 years (1 point) and pain on limb palpation (4 points)®. Patients were categorized as having low (0-3

points), moderate (4-10 points) or high (=11 points) clinical probability of PE.

In the standard approach, patients classified as high clinical probability on Wells or Geneva scores are
selected to perform CTPA. In contrast, patients with low to moderate clir ical probability perform CTPA if they
have a D-dimer value above 500 ng/mL or above their individual cut-off if ari ~ge-adjusted approach was
considered. The age-adjusted D-dimer threshold was defined by multi'vinr, the patients' age by ten in

patients above 50 years old™.

The YEARS algorithm is based on D-dimer levels and t'ire. ciinical variables: haemoptysis, signs or
symptoms of deep vein thrombosis and whether PE is the most . vely diagnosis’. PE is excluded in patients
with 0 YEARS items and a D-dimer level less than 100C nc.mL or in patients with one or more YEARS items
and a D-dimer level less than 500 ng/mL. All other per'enw. should perform CTPA.

In the PEGeD algorithm, PE is ruled out in > .(ients with low pretest probability and a D-dimer level of
less than 1000 ng/mL or with a moderate pre.~st probability and a D-dimer level of less than 500 ng/mLB. All
other patients, including those with high clir.ic .' nrobability, should perform CTPA. Pretest clinical probability

in this algorithm is based on Wells score '~sc0ed above.

STATISTICAL ANALYSIS

Categorical variables wer= p, ~<anted as frequency rates and percentages and continuous variables
as median with interquartil~ ra.~ae. Categorial and continuous variables were compared using Pearson chi-
square and Mann-Whitney test. , respectively. Sensitivity, specificity, positive and negative predictive values,
likelihood ratios and diagnostic odds ratio were calculated and compared among the different diagnostic
prediction rules. The discriminative power of each score to predict PE was determined by receiver operating
characteristic (ROC) curve analysis and the area under the curve (AUC) was calculated.

Statistical significance was defined as a P value < 0.05. The statistical software used to analyse the

data was SPSS®v.26 (IBM).

RESULTS

A total of 1346 CTPAs were performed due to PE suspicion during the study period, 315 of them in
patients with confirmed SARS-CoV-2 infection. The study flowchart is summarized in Figure 1.

The demographic, clinical and laboratory features of patients with and without PE are shown in Table
1. CTPA confirmed PE in 46 patients (15%). The vascular allocation of emboli showed a predominantly
central distribution (59%), affecting main and lobar arteries (15% and 44%, respectively). Most PE had

bilateral involvement (57%) and 22% of patients had evidence of right heart strain. Thrombolytic therapy was



not performed in any patient. Notably, PE was documented in three patients under anticoagulation (1 patient
with lobar and 2 with subsegmental involvement), two of those died during hospitalization.

Despite being older, PE patients did not differ from non-PE patients regarding comorbidities, traditional
risk factors for venous thromboembolism (VTE) and signs and symptoms at the ED presentation.

Although elevated in all patients, those with PE had higher D-dimer levels compared with non-PE
patients. Furthermore, PE patients also showed significantly higher levels of cTnT-hs and NT-proBNP.

In univariate analysis, only age (OR: 1.024, 95%CI 1.002-1.047, p=0.036), D-dimer levels (OR: 1.018,
95%CI 1.004-1.031, p=0.010) and cTnT-hs (OR: 1.007, 95%CI 1.002-1.012, p=0.011) were identified as
predictors of PE occurrence. None of the comorbidities or traditional risk factors for VTE were identified as
PE predictors in this cohort.

Considering adverse clinical outcomes, PE occurrence was an independent predictor of hospitalization
(OR: 5.259, 95%CI 1.232-22.438, p=0.025), but it had no predictive value for intensive care unit admission
(OR: 0.442, 95%CIl 0.151-1.296, p=0.137), mechanical invasive ventilatic." (OR: 0.467, 95%Cl 0.137-1.592,
p=0.224) or death (OR 1.378, 95%CI 0.700-2.713, p=0.353).

D-dimer performance

Table 2 shows the diagnostic performance and numbet of L TPAs correctly avoided in our cohort when
progressively higher D-dimer cut-offs were applied. The use rf a o'it-off of 2000 ng/mL was associated with a
significant increase in specificity and a non-significant d :c’eese in sensitivity compared with a cut-off of 500
ng/mL (p<0.001 and p=0.063, respectively), although '+ was associated with five more missed PE diagnosis.
On the other hand, the cut-offs of 2590 ng/mL, 7669 ng/mL and 2903 ng/mL, proposed in previous studies,
were all associated with a significant decrease in se. sitivity and increase in specificity compared to the cut-
off of 500 ng/mL (p<0.001 for all).

Table 3 illustrates the accuracy of the fifierent diagnostic prediction rules for PE.

Wells and Geneva scores

The prevalence of risk factors te - VTE in patients with or without PE is represented in Table 4. No
differences were found in Well, a. 1 Geneva scores and traditional risk factors between groups. Regarding
patients with PE, 95.7% was ~oi.c.dered as having low probability by Wells score. In addition, according to
Wells or Geneva score, none o' the patients was classified as having a high probability of PE. Thus, these
scores shown no predictive value for PE occurrence (OR: 1.084, 95%CI 0.841-1.396, p=0.533; OR: 1.023,
95%CI 0.869-1.205, p=0.784, respectively).

Twenty-one patients had a D-dimer value higher than the fixed D-dimer threshold of 500 ng/mL but
lower than their age-adjusted cut-off. Among those patients, 3 had PE (2 patients with lobar and one
patient with subsegmental involvement). When pretest clinical probability was combined with an age-
adjusted cut-off, it resulted in lower sensitivity than the standard threshold of 500 ng/mL, although it was
not statically significant (89.13% vs 95.65%, p=0.250). Regarding specificity, an age-adjusted cut-off
resulted in a substantial increase in specificity compared to the standard cut-off (15.35% vs 8.27%,
respectively, p<0.001). The AUC for both Wells and Geneva scores combined with a cut-off of 500 ng/mL

and an age-adjusted cut-off (Figure 2A and 2B) suggests nearly no discriminative power.

YEARS algorithm
The YEARS algorithm had a significantly higher specificity than a D-dimer cut-off of 500 ng/mL or

age-adjusted, whether Wells or Geneva scores were used to evaluate pretest probability (p<0.001 for
both). Regarding sensitivity, the YEARS algorithm was non-inferior to a 500ng/mL cut-off or an age-



adjusted cut-off (p=0.150 and p=1.0, respectively). However, even though the decrease in sensitivity was
not statistically significant, the YEARS algorithm was associated with four more missed PE diagnoses than
the D-dimer cut-off of 500 ng/mL.

PEGeD algorithm
Although not statistically significant, the PEGeD algorithm had the lowest sensitivity of all diagnostic

prediction rules considered (p=0.063 for a D-dimer cut-off of 500 ng/mL; p=0.50 for an age-adjusted cut-off;
and p=1.00 for YEARS algorithm). PEGeD algorithm was associated with five more missed PE diagnoses
than the D-dimer cut-off of 500 ng/mL. The PEGeD algorithm had a significantly higher specificity than a
fixed and an age-adjusted D-dimer cut-off (p<0.001 for both). There was no difference regarding sensitivity
and specificity between YEARS and PEGeD algorithms (p=1.00 for both).

In summary, none of the diagnostic strategies was significantly superior regarding sensitivity
compared to each other (p>0.06 for all). However, an age-adjusted appros -“ had a significantly higher
specificity than a fixed D-dimer threshold of 500 ng/mL, whether clinical srow bility was evaluated by Wells
or Geneva scores (p<0.001 for all). YEARS and PEGeD algorithms b.u iyiner specificity compared to an
age-adjusted approach (p<0.001 for both). Lastly, there was no dif’ere ~~: regarding specificity between
YEARS and PEGeD algorithms (p=1.0).

DISCUSSION

Since the first reports, PE was described as onc: 0, * most common complications of SARS-COV-2
infection®”. This study showed a diagnostic yield ¢” 1= % n, patients with SARS-CoV-2 infection that
underwent a CTPA due to PE suspicion. Except for «der age, we found no differences regarding
comorbidities, traditional risk factors for VTE ai.! signs and symptoms at presentation between patients with
and without PE.

Wells and Geneva scores have b :e.> used for decades to predict PE. Currently, the need for CTPA
is determined by combining the clinical pro. ability with D-dimer levels®. However, considering that COVID-19
patients have a different thrombotic ai. inJlammatory milieu, the usefulness of these prediction rules for PE
in this condition is a matter of dek~te. ™. evious studies demonstrated no differences between patients with

and without PE regarding tr# Hiti.nal isk factors for VTE™**

. Furthermore, Whyte M.B. et al. showed no
difference in Wells score betwee: those with and without PE in a cohort of 214 patients that performed
CTPA due to PE suspicion™*. Consistent with these reports, we found that neither the Wells nor Geneva
scores were higher in COVID-19 patients with PE than those without PE. This finding highlights the
importance of the association between the induced COVID-19 hyperinflammatory status and a thrombotic
outcome®’.

Pulmonary embolism was detected in 15% and 13% of patients considered as having low probability
by Wells and Geneva scores, respectively, which is much higher than the 1 to 3% rate expected from the

literature in non-COVID patientsl&19

. Moreover, 95.7% of PE patients were considered as having low
probability by Wells score (58.7% of those with a Wells score of 0 pts). We demonstrated that even when
clinical pretest probability, evaluated by these scores, was combined with the D-dimer measurement, the
discriminative power to predict PE in COVID-19 patients remains low.

According to the international guidelines for diagnosing and managing PE, the YEARS and PEGeD
algorithms should be considered as an alternative to the standard approach to rule out PE®. The main
advantage of these scores is their ability to safely reduce CTPA requests by adjusting the D-dimer cut-off to
the clinical probability. To the best of our knowledge, our study was the first to compare these new proposed

algorithms' diagnostic performance with the standard approach based on Wells or Geneva scores to predict



PE in COVID-19 patients. These algorithms were associated with an absolute reduction of 19.3% in the
number of CTPA. However, they were also associated with decreased sensitivity that, although not
statistically significant, is clinically relevant.

In agreement with previous studies, we found that PE patients had significantly higher D-dimer levels

20,12

than non-PE patients™ . Considering that COVID-19 patients tend to have higher D-dimer levels even in the

absence of PE, several authors proposed higher D-dimer thresholds to select patients for CTPA, based on

maximizing the Youden index™ 3

. However, considering that the D-dimer is used as a triage test, the safety
of this diagnostic approach is questionable. Mouhat B et al. proposed a D-dimer cut-off value of 2590 ng/mL
to best predict PE occurrence in COVID-19 patients, which is slightly lower than the suggested by Ventura-
Diaz et al. (2903 ng/mL)"***. With the cut-offs above mentioned, the authors reported a sensitivity of 83%
and 81%, respectively, being far from the pretended negative predictive value of 100% for a triage test. As
represented in Table 2, when these cut-offs were applied to our cohort, we found an unacceptably low
sensitivity, despite allowing a reduction of up to 68% in CTPAs. Considerir-_ the clinical implications of a
missed PE diagnosis, defining a D-dimer threshold according to a highe neyative predictive value might be
more acceptable than adjusting the D-dimer threshold to increase sp~.c.”ciy. Our results suggest that the
500 ng/mL cut-off point might be the safer strategy in COVID-19 pi.tie.*<. We found no difference in clinical
presentation between patients with or without PE, which is in lin_ . itr, the previous reported™**>?*2?,

Patients with PE had significantly higher cTnT-hs and N7 ~*0-BNP levels than those without PE.
Although this finding is consistent with the reported in a cc!.ct of 162 hospitalized patients with COVID-19
that performed CTPAZ, other studies found no differenc e «"r_erning cardiac biomarkers between patients
with or without PE™>*®?*. A higher incidence of cer’rai ®E <an explain our findings compared to those
studies.

In our cohort, PE was not associated w.*h higher mortality. This finding is consistent with a French

%528 This could be related

multicentre cohort of 1204 patients, althougt o*.,~r studies documented otherwise
to the heterogeneity of the severity of the ..cu.nitant COVID- 19 disease.

According to the European Soc.ety ~f Cardiology recommendations in COVID-19, PE diagnosis in
these patients should be based on aly ~riti.ms combining pretest clinical probability with D-dimer®’. These
recommendations suggest that ar i, ~vpected respiratory worsening, signs of deep vein thrombosis,
hypotension not attributable *o ¢*her causes and a new or unexpected tachycardia may trigger the suspicion
of PE. Although this is true for th. general population, COVID-19 population seems to break the rule.

We demonstrated a remarkable absence of the usual comorbidities, typical VTE risk factors and
overlap of signs and symptoms between PE and non-PE COVID-19 patients, which acknowledge recent
published data. These findings reinforce the difficulty of PE diagnosis in COVID-19 patients and claims in
favour of a different screening strategy. However, the use of higher D-dimer thresholds does not seem to be
the solution to improve the diagnostic accuracy for PE in these patients, as it limits this strategy as a

screening test.

Limitations

Our study has some limitations. It was a retrospective single-center and chart review study. One of
the most relevant limitations of this study design is determining clinician judgement by reading a note rather
than seeing the patient. Additionally, patients were included if a CTPA was performed in the ED, limiting our

ability to conclude whether these results can be applied to the whole ED population with PE suspicion.

CONCLUSION



This study suggests that neither Wells and Geneva scores nor the YEARS or PEGeD algorithms are
reliable predictors of PE in COVID-19 patients admitted to the ED. Additionally, our data discourages the use
of progressive increment in the D-dimer threshold as it limits this strategy as a screening test. These data
reinforces the need of further studies to determine specific risk factors and biomarkers to develop more
accurate risk-stratification scores for pulmonary embolism in COVID-19 patients. Meanwhile, the use of
CTPA should be encouraged in patients with SARS-CoV-2 infection who present with clinical suspicion of
PE.
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Table 1. Anthropometric and clinical characteristics of patients admitted with COVID-19 and PE suspicion at
baseline (all patients) and according to the outcome (with or without pulmonary embolism). Data are reported as
n (%) or median (IQR). Abbreviations: PE, pulmonary embolism; ED, emergency department; RT-PCR, real-time
reverse transcriptase-polymerase chain reaction; NT-proBNP, N-terminal pro hormone B-type natriuretic peptide; ICU,
intensive care unit.

PE patients Non-PE patients
‘ (n = 46) ‘ (n = 254) pvalue
Age, median (Q1-13) (years) | 76 (65-84) | 71 (60-81) p=0.044
Gender - Male, n (%) | 22 (47.8%) | 154 (60.6%) | p=0.105
Comorbidities
Obesity, n (%) | 5 (10.9%) | a7 (185%) | p=0.208
Arterial hypertension, n (%) 27 (58.7%) 150 (59.1%) p=0.964
Dyslipidemia, n (%) 14 (30.4%) 81 (31.9%) p=0.845
Diabetes mellitus, n (%) 11 (23.9%) 72 (28.3%) p=0.536
Chronic heart failure, n (%) 2 (4.3%) 23 (9.1%) p=0.392
Ischemic heart disease, n (%) 6 (13.0%) 21 (8.3%) p=0.274
Atrial fibrillation, n (%) 3 (6.5%) 24 (9.4%) p=0.779
Chronic kidney disease, n (%) 19 (41.3%) 81 (31.9%) p=0.213
Chronic obstructive pulmonary disease, n (%) 9 (19.6%) 34 (13.4%) p=0.271
Chronic respiratory insufficiency, n (%) 0 (0%) 3 (1.2%) p=1.000

Apnea syndrome, n (%) 1 (2.2%) 16 (6.3%) p=0.486



Smoking, n (%) 7 (15.2%) 32 (12.6%) p=0.627

Cerebrovascular disease, n (%) 6 (13.0%) 21 (8.3%) p=0.277
Active malignancy, n (%) ] 2 (4.3%) \ 18 (7.1%) \ p=0.749
ED presentation
Progressive dyspnea, n (%) |27 (58.7%) | 172 (67.7%) | p=0.234
Fatigue, n (%) 8 (17.4%) 55 (21.7%) p=0.514
Chest pain, n (%) 7 (15.2%) 35 (13.8%) p=0.796
Syncope, n (%) 3 (6.5%) 12 (4.7%) p=0.710
Dry cough, n (%) 13 (28.3%) 103 (40.6%) p=0.115
Fever, n (%) 12 (26.1%) 76 (29.9%) p=0.599
Altered mental status, n (%) 9 (19.6%) 26 (10.2%) p=0.070
Hemoptysis, n (%) 0 (0%) 3 (1.2%) p=1.000
Systolic blood pressure, median (Q1-Q3) (mmHg) 133 (119-143) 127 (114-140) p=0.157
Heart rate, median (Q1-Q3) (beats/min) 85 (79-100) 88 (75-101) p=0.686
Respiratory rate, median (Q1-Q3) (breaths/min) 16 (16-18) 18 (16-20) p=0.214
Sp02, median (Q1-Q3) (%) 95 (92-98) 95 (92-97) p=0.544
Oxygen apport, median (Q1-Q3) (L/min) 0.5 (0-3) p (0-3) p=0.681
Temperature, median (Q1-Q3) (°C) 37.0 (36.2-37.5) >°8  (36.2-37.6) p=0.636
Ezd?aze(t(\;viggf(a;/)lg) 19 symptoms and CTPA, 4 (1-8) - 2-9) 0=0.370
RT-PCR positive to CTPA, median (Q1-Q3) (days) | 3 (0-10.7) : 1 (0-6) ‘ p=0.130
Ambulatory treatment with:
Estrogen use, n (%) 0 (N %) | 0 (0%) | NA
Anticoagulation, n (%) 3 (65 | 26 (10.2%) | p=0.434
Laboratory results
Hemoglobin, median (Q1-Q3) (g/dL) 13.0  ( 2.0-14.0) | 136  (12.7-14,5) \ p=0.051
D-dimer, median (Q1-Q3) (ng/mL) JR80 (1170-22000) = 1400 (800-2820) | p<0.001
Platelets, median (Q1-Q3) (x10%) 209 (149-250) 218 (168-279) p=0.483
hs Troponin T, median (Q1-Q3) (ng/L) 29 (19-125) 15 (9-32) p=0.002
NT-proBNP, median (Q1-Q3) (pg/mL) 652 (260-4754) 423 (106-1315) p=0.038
Creatinine, median (Q1-Q3) (mg/dl) 0.99 (0.81-1.25) 0.97 (0.81-1.26) p=0.651
eGFR, median (Q1-Q3) (mL/min/1.73m?) | 67 (50-83) | 74 (50-90) | p=0.122
Clinical outcomes
Hospitalization, n (%) | 44 (95.7%) | 205 (80.7%) | p=0.013
ICU admission, n (%) 4 (8.7%) 45 17.7%) p=0.281
Invasive mechanical ventil:tion, .. (%) 3 (6.5%) 33 (13.0%) p=0.417
Death, n (%) | 12 (26.1%) | 57 (22.4%) | p=0.795

Table 2. Sensitivity, specific.'v and negative predictive value of each D-Dimer threshold and the correspondent
number of CTPA correctly av,id and missed diagnosis of pulmonary embolism. Abbreviations: NPV, negative

predictive value; CT, computed tomography; PA, pulmonary angiography; PE, pulmonary embolism.
Sensitivity Specificity NPV Correctly Missed PE
(%) (%) avoid CTPA | diagnosis

500 95.65 8.66 91.67 9 5
[85.16-99.47] [5.51-12.82] [73.00-98.97]

1000 84.78 33.46 92.39 85 7
[71.13-93.66] [27.69-39.63] [84.95-96.89]

2590 [Mouhat B. et al.]** 58.70 72.44 90.64 184 19
[43.23-73.00] [66.51-77.84] [85.77-94.27]

2660 [Leonard-Lorant et 58.70 73.23 90.73

al]? [43.23-73.00] [67.34-78.57] [85.00-94.33] 186 19

2903 [Ventura-Diaz et 56.52 76.77
41.11-71.07 71.08-81.82 90.70 195 20

al]® [41.11-71.07] [71.08-81.82] [86.00-94.22]

Table 3. Diagnostic accuracy of Wells and Geneva scores combined with a fixed and an age-adjusted cut-off,
YEARS algorithm and PEGeD algorithm to predict pulmonary embolism in COVID-19 patients. Abbreviations: DD,
D-dimer; AUC, area under the curve.

Wells Geneva Wells Geneva
score + DD score + score + score + YEARS PEGeD
threshold DD age- age- algorithm algorithm

of 500 threshold adjusted adjusted




ng/mL of 500 DD cut- DD cut-
ng/mL off off
95.65 89.13
Sensitivity, % 95.65 516, 76,45 89.13 86.96 84.78
[85.16-99.47] 99.47] 96.3] [76.43-96.38]  [73.74-95.06] [71.13-93.66]
15.35
Specificity, % 8.27 8.27 115, 15.35 31.10 31.23
[5.19-12.36] [5.19-12.36] 20.39] [11.15-20.39]  [25.46-37.19] [25.57-37.33]
Positive predictive 15.88 15.88 16.02 16.02 18.60 18.31
value, % [11.79-20.73] [2101‘773?' [lelg;' [11.74-21.09]  [13.64-24.46] [13.36-24.17]
Negative predictive  91.30 21'9360 igff 88.64 92.94 91.86
value, % [71.96-98.93] gg '93]' [ae '2 1]' [75.44-96.21]  [85.27-97.37] [83.95-96.66]
Positive likelihood 1.04 1.04 1.05 1.05 1.26 1.23
ratio [0.97-1.12] [0.97-1.12] [0.94-1.18] [0.94-1.18] [1.10-1.45] [1.06-1.43]
Negative likelihood 0.53 0.53 0.71 0.71 0.42 0.49
ratio [0.13-2.17] [0.13-2.17] [0.29-1.70] [0.29-1.. ] [0.19-0.90] [0.24-0.99]
Diagnostic odds ratio 1.98 1.98 1.49 1.4 _ 3.01 2.53
[0.45-8.76] [0.45-8.76] [0.55-4.00] [0 R5-., 2] [1.23-7.39] [1.08-5.90]
0.520 0.520 0.521 152 0.589 0.580
AUC [0.431- [0.432-
[0.431-0.608] 0.608] 0.610] [0.432-0.610]  [0.506-0.672] [0.496-0.664]
Correctly avoided \ .
CTPA, 21 21 39 39 79 79
|l:/llssed PE diagnosis, 5 5 v 5 6 7

Table 4. Risk assessment for pulmonary embolis.n ac.ording to Wells score, Geneva score and
YEARS algorithm and prevalence of each ris'. J~cic - Abbreviations: PE, pulmonary embolism; DVT,
deep vein thrombosis. # — variables included i Ger eva score; b _ variables included in Wells score; °

variables included in the YEARS items.

Variable (PnE:pZéi)ents (l\rllog-;si)patients p value
Wells score
Median, (Q1-Q3) (pts) 0(0-1.5) 0 (0-1.5) p=0.749
Probability of PE according to sco e
Low risk, n (%) 44 (95.7%) 245 (96.5%) p=0.790
Moderate risk, n (%) 2 (4.3%) 9 (3.5%) p=0.790
High risk, n (%) 0 (0%) 0 (0%) NA
Revised Geneva score N\
Median, (Q1-Q3) (p'>, 4 (3-5.25) 4 (3-5) p=0.878
Probability of PE accordi 'g to score
Low risk, n (%) 13 (28.3%) 89 (35%) p=0.373
Moderate risk, n (%) 33 (71.7%) 165 (65%) p=0.373
High risk, n (%) 0 (0%) 0 (0%) NA
YEARS items
0 items, n (%) 41 (89.1%) 235 (92.5%) p=0.388
>1 item, n (%) 5 (10.9%) 19 (7.5%) p=0.388
Components of the scores
Age > 65 years ? n (%) 34 (73.9%) 161 (63.4%) p=0.168
Previous diagnosis of DVT/PE ®°, n (%) 0 (0%) 5 (2.0%) p=1.0
Clinical signs of DVT °°, n (%) (2.2%) 3 (1.2%) p=0.488
Malignancy °, n (%) 2 (4.3%) 18 (7.1%) p=0.749
Heart rate > 100 beats per minute °, n (%) 12 (26.1%) 70 (27.6%) p=0.837
Heart rate > 95 beats per minute %, n (%) 13 (28.3%) 88 (34.6%) p=0.399
Heart rate 75-94 beats per minute ?, n (%) 24 (52.2%) 108 (42.5%) p=0.225
Surgery or fracture within 1 month , n (%) 0 (0%) 1 (0.4%) p=1.0
Immobilization for 3 days or surgery in 4 weeks®, n(%) 4 (8.7%) 11 (4.3%) p=0.260
Unilateral leg edema ?, n (%) 2 (4.3%) 2 (0.8%) p=0.113
Unilateral leg pain 2, n (%) 0 (0%) 1 (0.4%) p=1.0
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Hemoptysis **, n (%) 0 (0%) 3 (1.2%) p=1.0

PE as the first diagnosis or equally likely *°, n

) 4 (8.7%) 14 (5.5%) p=0.495
0

Figure 1
Figure 2



